Intraoperative two-dimensional echocardiography in congenital heart disease  by Gussenhoven, Elma J. et al.
JACC Vol. 9, No.3
March 1987:565 72
PEDIATRIC CARDIOLOGY
Intraoperative Two-Dimensional Echocardiography in Congenital
Heart Disease
565
ELMA J. GUSSENHOVEN, MD,*.§. LEX A. VAN HERWERDEN, MD,t JOS ROELANDT, MD, FACC,t
KEES M. LIGTVOET. MSc.* EGBERT BOS. MD,* MAARTEN WITSENBURG, MDt
Rotterdam. The Netherlands
Intraoperative epicardial two-dimensional echocardi-
ography was used in 195 patients undergoing surgery
for congenital heart disease to evaluate its potential to
identify new diagnostic information immediately before
and after surgical correction. In 168 patients the pre-
operative diagnosis was confirmed by intraoperative
echocardiography. In four patients, unsuspected find-
ings were revealed, which resulted in modification of the
surgical approach. In 18 patients additional morphologic
information was obtained which contributed to altera-
tion or refinement of surgical management. The ade-
Despite the joint, preoperative review of all available car-
diovascular data by cardiologists and cardiac surgeons, in-
complete or incorrect diagnosis, or both, may occasionally
occur (1-4) . However, there is little published information
about the magnitude of this problem, Successful cardiac
repair is facilitated by a correct and complete preoperative
diagnosis . Because previous studies (2-10) have indicated
that intraoperative two-dimensional echocardiography can
provide information on cardiac function and morphology,
we performed this study to determ ine how frequently the
use of this method provided information vital for surgical
management before and after surgical correction of con-
genital heart disease .
Methods
Patients (Table I). We studied all patients referred to
the Thoraxcenter for correction of congenital heart disea se
between January I, 1984 and October 30, 1985. Pediatric
cardiologists and cardiac surgeons jointly established the
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quacy of cardiac repair was assessed before closure of
the chest in all patients. In six patients this information
led to immediate reoperation and in four other patients
to inotropic drug therapy.
During congenital heart surgery , epicardial two-
dimensional echocardiography may yield important in-
formation for surgical management. The technique is an
essential adjunct when preoperative diagnostic studies
are not conclusive or when the initial response to repair
is unsatisfactory.
(J Am Coil CardioI1987;9:565-72)
preoperative diagnosis in the customary fashion by review-
ing the medical history and examination, the chest X-ray
films. electrocardiograms, M-mode and two-dimensional
echocardiograms, Doppler echocardiographic studies and
cardiac catheterization data,
During the 22 months of this investigation we studied
190 consecutive patients with congenital heart defects. Five
patients were excluded from the study, two because of mal-
function of the transducer due to the sterilization procedure
and three because the echocardiographic images were in-
adequate for evaluation . The age of the 190 patients included
in this study ranged from newborn to 67 years. Ninety
percent of the patients were under the age of 16 years; 64
of them were infants less than I year of age. Complete
intracardiac repair was performed in 88o/c of the patients .
Twelve percent of the operati ons were palliative, providing
physiologic correction.
Intraoperative echocardiography. Initial intraopera-
tive echocardiograms were obtained after sternotomy and
pericardiotomy just before cardiopulmonary bypass . A sec-
ond set of echocardiograms was made after cardiac repair
before closure of the chest (10) . The intraoperative two-
dimensional echocardiograms were obtained by the surgeon
in charge , while the ultrasonograph was adjusted by the
echocardiographer. Cardiac cross sections were interpreted
jointly . A systematic examination included both right and
left ventricular long-axis and serial short-axis views using
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Numbers in parentheses are the number of patients who underwent a
palliative physiologiccorrectionor shunt procedure. All other patientshad
complete cardiac repair.
Table 1. Preoperative Morphologic Diagnosis in 190 Patients
With Congenital Heart Disease Studied With Intraoperative
Two-Dimensional Echocardiography
the right ventricular surface as the contact point. Because
of the relatively large transducer assembly of this system,
apical views could not be obtained but foreshortened four
chamber views were possible from the right ventricular sur-
face . When disease of the aorta or pulmonary artery was
suspected, additional cross sections using the ascending aorta
as contact point were obtained. When necessary , contrast
studies were performed to ascertain whether residual shunt-
ing occurred after repair. Saline solution was injected into
the right or left heart cavity by means of a venous catheter
or left atrial monitoring line.
The echocardiographic study itself never took more than
3 minutes . During and within 5 minutes after the intra-
operative studies, the surgeon and the echocardiographer
determined the intraoperative echocardiographic diagnosis
to decide if these results would alter the surgical technique .
Analysis of data. For the purpose of analysis, we grouped
the significant intraoperative findings as assessed on-line in
the operating suite, as follows:
Group J. Intraoperative echocardiographic studies be-
fore repair added essential information that altered the sur-
gical approach .
Group 2. Intraoperative echocardiographic studies be-
fore repair added information that contributed to refinement
of surgical management.
Group 3 . Intraoperative echocardiographic studies after
repair added essential information that contributed to sub-
sequent management.
Technical information. A mechanical 5 MHz imaging
system was used (ATL-Mark 300 LX). In the first 10 studies
the scanhead and cable were gas-sterilized and placed di-
rectly on the exposed heart. This procedure of sterilization
Table 2. Results of Intraoperative Two-Dimensional
Echocardiography in 190 Patients Studied
2
60
4
62
o
No. of Patients
< 1 Year of Age
18 (10%)
168 (88%)
4 (2%)
173 (91 %)
17 (9%)
Total No.
of Patients
Preoperative
No new information
Altered surgical approach
(Group 1)
Refined surgical approach
(Group 2)
Postoperative
No new information
Contributed to surgical
management (Group 3)
resulted in deterioration of the scanhead. Therefore, in sub-
sequent studies, we wrapped the cleaned transducer and
cable in a gas-sterilized plastic bag . To achieve good ultra-
sound coupling, sterile gel was placed within the plastic bag
and warm saline was poured over the heart .
Even with minimal acoustic output from this transducer
designed for precordial application, excessive energy was
generated because of its proximity to the heart. As a result,
resolution in the near field was reduced. Therefore, a damp-
ing resistor (50 0) was placed in parallel with the transducer
element.
None of the patients had complications related to the
intraoperative echocardiographic procedure. The results of
the intraoperative echocardiographic findings are summa-
rized in Table 2.
Before repair: Group 1. In four patients the intraoper-
ative two-dimensional echocardiographic study revealed new
information that altered the surgical approach in three. In
the fourth patient vital information was available from the
echocardiographic examination, but not effectively com-
municated to the surgeon. The importance of the intra-
operative echocardiographic data is best illustrated by de-
scribing each case individually.
Patient A. This 9 year old child was referred for repair
of a saccular aneurysm of the ascending aorta. At surgical
inspection a fusiform dilated ascending aorta was found.
The suspicion of an unusual infantile aortic root dissection
was confirmed by intraoperative echocardiography. The in-
timal flap could be visualized ending just before the origin
of the brachiocephalic artery (Fig . 1). This information al-
lowed safe aortic cross-clamping just before the brachio-
cephalic artery.
Patient B. A 9 year old child referred for treatment of
a ruptured sinus of Valsalva aneurysm was found to have
an unsuspected outlet perimembranous ventricular septal
defect. Consequently, the surgeon decided to close the de-
fect through an aortotomy rather than by an atriotomy and
used a single venous canula.
37
6
2
18
10
31
4
7
23 (2)
7
4 (19)
5
2 (2)
II
No. of
Patients
Aortic valve lesion
Mitral valve lesion
Combined valve lesion
Secundum-type atrial septal defect
Primum-typeatrial septal defect
Ventricular septal defect
Pulmonarystenosis
Ventricular septal defect and pulmonary stenosis
Tetralogy of Fallot
Double outlet right ventricle
Complete transposition of the great arteries
Single outlet heart
Heart with univentricularconnection
Miscellaneous
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Figure I. Intraoperative two-dimensional cchocardiograms (A and
B) and corresponding diagram (e) obtained in a patient submitted
for repair of a saccular aneurysm of the aorta lAo). A, The left
ventricular long-axis view revealed a dissection in the ascending
aorta beginning distal to the aortic sinuses (arrows). B, With the
transducer positioned on the ascending aorta. thedissection (right
arrows) was shown to end just before the origin of the brachio-
cephalic artery (b). Note the enlarged coronary sinus due to a
persistent left superior caval vein (asterisk). LV = left ventricle.
Patient C. Immediately after pericardiotomy, an unsus-
pected transposition of the great arteries with the aorta an-
terior to the pulmonary artery was noted in a 3 year old
A
B
Figure 2. Modified four chamber view (A) and corresponding
diagram (8) obtained intraoperatively in a patient operated on for
severe mitral valve insufficiency. A, Both the leftatrium (LA) and
left ventricle (LV) arc dilated . A small preoperatively undiagnosed
left ventricular-right atrial communication (arrow) is visible . The
position of this defect is above the level of the entrance of the
coronary sinus which was identified in a slightly lower orientated
cross section. RA = right atrium; RV = right ventricle.
child referred for repair of tetralogy of Fallot and situs
inversus. Intraoperative echocardiography revealed a double
outlet right ventricle and a subpulmonary ventricular septal
defect . The planned surgical procedure was canceled and a
Waterston shunt was performed .
Pati ent D . In a 2 year old child with severe mitral valve
insufficiency. intraoperati ve two-dimen sional echocardi-
ography revealed an unsuspected shunt between the right
atrium and left ventricle (Fig. 2). Although the echocar-
diographer was thought to have informed the surgeon cor-
rectly. the latter remained unaware of this finding and the
child had mitral valve replacement only. Two months later
a reoperation was necessary because of symptoms due to
the shunt at the level of the ventricular septum .
Before repair: Group 2. In IX patients the intraoper-
ative echocardiographic study revealed additional morpho-
logic information that contributed to refinement of the sur-
gical approach (Tables 3 and 4) . In these patients the
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Table 3. Four Patients of Group 2 in Whom Surgical Inspection Revealed an Unexpected Cardiac Geometry
Patient
No.
2
3
4
Preoperative Diagnosis
Ventricular septal defect; secundum-type
atrial septal defect
Tetralogy of Fallot
Complete transposition of the great arteries;
inf PS
Double outlet right ventricle
Intraoperative Findings
Deep AV sulcus; primum-type atrial
septal defect
Deep AV sulcus; TV underdeveloped
(TV diameter 50% smaller than
MV diameter)
Juxtaposition atrial appendages; no
additional intracardiac disease
visualized
Juxtaposition atrial appendages; no
additional intracardiac disease
visualized
Surgical Consequences
Regular atriotomy
Central shunt
Planned Fontan procedure canceled.
No contraindication for Rastelli
procedure
No contraindication for planned
procedure
Phrases in boldface indicate unexpected cardiac geometry. Intraoperative two-dimensional echocardiography was performed to reassess the intracardiac
geometry. AV = atrioventricular; inf PS = infundibular pulmonary stenosis; MV = mitral valve; TV - tricuspid valve.
preoperative diagnosis was not completely accurate or de-
finitive, Among them were four patients in whom the sur-
geon noted an unexpectedcardiacgeometry(Table 3). With
intraoperativeechocardiography the possibility of additional
intracardiac pathology was assessed,
After repair: Group 3. In 17 patients the intraoperative
two-dimensional echocardiographic investigation revealed
important information after repair. In four newborns, the
informationon ventricularfunction after a switch procedure
for complete transposition of the great vessels was signifi-
cant. Despite apparently normal arterial pressures, intra-
operative echocardiography after cardiopulmonary bypass
revealed a diffuse hypocontractile left ventricle. Inotropic
drug therapy Was immediately initiated to improve left ven-
tricular function.
Immediate reoperation was believed to be necessary in
6 of the other thirteen patients, In a 9 year old child with
pulmonary atresia and ventricular septal defect, surgical
correction was performed, including closure of the defect
and valved conduit placement between right ventricle and
pulmonary artery. Intraoperative two-dimensional echo-
cardiography revealed exaggerated patch movement. Con-
trast injection through the left atrial monitoring line showed
opacification of bothventricles indicating a left to right shunt
(Fig, 3). It wasdecided to reinstitute bypassand to reoperate
and a partially disrupted patch was secured.
Immediate reoperation was performed in one patient with
tetralogy of Fallot and in two patients with a double outlet
right ventricle because increased right ventricular pressure
was caused not by residual shunting but by systolic oblit-
eration of the right ventricular outflow tract. As the cause
of unstable hemodynamics in another patient with double
outlet right ventricle, an obstructive patch in the left ven-
tricularoutflow tract was demonstrated and reoperation was
necessary,
Finally, in a I month old infant who underwent com-
missurotomy for severe aortic stenosis, the cause of a hy-
potensive episode after cardiopulmonary bypass was diag-
nosedby an intraoperative contrast echocardiographic study
whenan unsuspected secundum-type atrial septaldefect was
visualized. After closure of the defect, the postoperative
course was uneventful.
Table 4. Fourteen Patients of Group 2 in Whom Intraoperative Two-Dimensional Echocardiography Revealed an Incomplete
Preoperative Diagnosis and Refined the Course of Surgical Treatment
Preoperative Diagnosis
VSD; inf and valv PS
Inf and valv PS
TGA; inf PS
SubAoS; IHSS?
SubAoS
Supravalv AoS
Tetralogy of Fallot
Tetralogy of Fallot
No. of
Patients
3
I
I
I
I
I
4
2
Intraoperative Findings
Precise nature of RVOTO defined
No fixed RVOTO
No inf PS
No IHSS
Multilevel subaortic obstruction
Valv AoS; no supravalv AoS
Absent infundibular septum
DORV
Surgical Consequences
Transverse ventriculotomy
No ventriculotomy
No LVOTO myotomy
No LVOTO myotomy
Resection of additional obstruction
Regular hockeystick incision
Consultation with senior surgeon
Consultation with senior surgeon
DORV = double outlet right ventricle; IH$S = idiopathic hypertrophic subaortic stenosis; inf and valv PS = infundibular and valvular pulmonary
stenosis; LYOiO = left ventricular outflow tract obstruction; RVOTO = right ventricular outflow tract obstruction; SubAoS = subvalvular aortic
stenosis; Supravalv AoS = supravalvular aortic stenosis; TGA = complete transposition of the great arteries; Valv AoS = valvular aortic stenosis;
VSD = ventricular septal defect.
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Figure 3. Two-dimensional echocardiograms (A, B and C) and
corresponding diagram (D) obtained intraoperatively inachild with
pulmonary atresia and ventricular septal defect after repair. A, The
ventricular septum patch movement was exaggerated and inseveral
images part of the patch was no longer visible (arrow). Band C,
After contrast injection through the left atrium monitoring line,
opacification of both left (LV) and right (RV) ventricle was noted.
Ao = aorta; LA = left atrium.
Discussion
Only few institutions are currently using echocardiog-
raphy for intraoperativeassessmentof cardiac anatomy and
function. Both the transesophageal and the epicardial two-
dimensional echocardiographic approaches are available. The
transesophageal approach is used for monitoring cardiac
function during surgery (11,12); epicardial echocardiog-
raphy is applied for detection of air embolism (13,14), left
ventricular function studies (15,16), evaluation of valvular
and congenital heart disease (2-10,17-19) and for analysis
of ventricular septal motion (20) and aortic arch disease
(21).
For the cardiac surgeon who must perform corrective
surgery, a definitive and complete preoperative diagnosis
wouldbe ideal. However, in a certain percentageof patients,
a complete preoperative analysis does not always provide
an accurate diagnosis, particularly in complicated cases
(1-4,10,22-26). Intracardiac malformations may be inad-
equately assessed by noninvasive and invasive studies (2).
To establish the value of intraoperative two-dimensional
echocardiography in congenital heart disease we investi-
gated 195 consecutive patients before and after cardiopul-
monary bypass. The success rate of obtaining detailed mor-
phologic and functional information was high (97%; 190 of
195 cases).
Advantages. The advantage of epicardial echocardiog-
raphy is that it allows unique and high quality visualization
of cross sections; this visualization is not always obtainable
with precordial investigations. The immediate application
of the transducer on the right atrial wall and appendage is
advantageous for detecting sinus venosus-type atrial septal
defects (Fig. 4). Cross sections using the ascending aorta
as point of contact proved to be essential in both identifying
the extent of aortic root dissection (Fig. I) and establishing
the patency of the pulmonary artery after closure of a Wa-
terston anastomosis (Fig. 5).
The intraoperative echocardiographicobservationswould
have been diagnosed by direct surgical inspection. How-
ever, the advantage of the technique is intimately related to
the fact that these refinements in diagnosiswere madebefore
the start of cardiopulmonary bypass. Consequently, echo-
cardiography allowed redirection of the procedure without
increasing the time of ischemia or mechanical perfusion. It
was our experiencethat intraoperativeechocardiography did
not provide additional or new anatomic information in the
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A
B
A
B
Figure 4. Intraoperative two-dimensional echocardiogram (A) and
corresponding diagram (B) obtained with the transducer directly
placed on the right atrium (RA) in a patient submitted for closure
of a secundum-type atrial septal defect. Intraoperative echocardi-
ography revealed a sinus venosus-type atrial septal defect (arrow).
Note the coronary sinus (asterisk) and its entrance into the right
atrium (RA) close to the tricuspid valve (TV; arrow). LA = left
atrium; SCV = superior caval vein; RV = right ventricle.
great majority of patients under I year of age (Table 2).
This may be explained by the transducer assembly being
too large. In three infants referred with right ventricular
outflow tract disease, the echocardiographic images were
inadequate for evaluation because of near field problems in
the first 10 mm. Thus, this technique is less sensitive in this
category of patients. Miniaturized higher frequency trans-
ducers may help to solve this problem. Accordingly, we
tested a hand-held 5.6 MHz miniaturized phased array trans-
ducer. Preliminary experience indicates that when it is po-
sitioned on the right atrial lateral wall the right ventricular
outflow tract can be visualized with high definition.
Before repair: Group 1. The change in diagnosis before
bypass allowed the surgeon to select a safe site for arterial
cannulation (Patient A), avoid unnecessary atriotomy (Pa-
tient B) and in one instance (Patient C) cancel corrective
surgery and cardiopulmonary bypass; a palliative shunt was
created instead. We think that the incomplete preoperative
diagnosis in these patients was related to limitations of con-
ventional diagnostic methods in combination with unusual
Figure 5. Two-dimensional echocardiogram (A) and correspond-
ing diagram (B) obtained intraoperatively in a child with tetralogy
of Fallot in whom the Waterston anastomosis between aorta and
right pulmonary artery (RPA) was closed. The ascending aorta
(Ao) is used as the point of contact. The image shows a stitch
within the aortic wall (arrow) and a rightpulmonary artery lumen
without obstruction. SCY = superior caval vein.
and complex cardiac pathologic findings. The latter are il-
lustrated in the patient in whom an unsuspected aortic dis-
section was demonstrated by intraoperative two-dimensional
echocardiography (Patient A). This is an unusual lesion and
the patient presented with atypical signs and symptoms.
Angiographic findings were negative. Previous reports (23,24)
have described false negative angiographic studies in this
clinical setting.
Before repair: Group 2. When unexpected or unusual
cardiac geometry is encountered after sternotomy, epicardial
echocardiography allows prompt investigation of potentially
associated anomalies. For instance, a deep atrioventricular
sulcus suggests an atrioventricular septal defect or tricuspid
valve hypoplasiawhich epicardialechocardiographycan easily
distinguish (Table 3, Patients I and 2). The unexpected
finding of a primum-type atrial septal defect had no signif-
icant consequences for surgical management because atri-
otomy had already been planned for the presumed secun-
dum-type atrial septal defect. On the other hand,
underdevelopment of the tricuspid valve was considered to
JACC Vol. 9. No.3
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be a contraindication for complete repair of tetralogy of
Fallot (Table 3, Patient 2). In this patient, intraoperative
echocardiography demonstrated a diameter of the tricuspid
valve 50% smaller than the mitral valve diameter, which
was not diagnosed preoperatively by echocardiography or
angiocardiography. Similarly, the shortcomings of the pre-
operative diagnosis in the patients with unexpected juxta-
position of the atrial appendages (Table 3, Patients 3 and
4) were undoubtedly related to the complexity of the un-
derlying disease. It is not exceptional that juxtaposition of
the atrial appendages is missed angiographically and diag-
nosed only at autopsy (25). It should be emphasized that
this condition is regarded as an ominous sign of other severe
intracardiac abnormalities (26). Thus, the instantaneous
morphologic information is a major benefit of intraoperative
two-dimensional echocardiography when dealing with un-
usual and unexpected cardiac geometry.
The importance of the intraoperative echocardiographic
information obtained in the 14 other patients of Group 2
varied (Table 4). Appreciation of the dynamic component
of right ventricular outflow tract obstruction in a flaccid
heart is virtually impossible. It can be assessed immediately
after sternotomy with intraoperative two-dimensional echo-
cardiography. Transverse ventriculotomy is least traumatic
to right ventricular function and is therefore the preferable
approach. This incision was decided on the basis of the
echocardiographic findings in three patients.
As described by Maron and coworkers (3), precordial
echocardiography may not allow an accurate assessment of
left ventricular outflow tract obstruction. The epicardial ap-
proach may be a more sensitive method. Indeed, in one
patient referred for resection of a subvalvular aortic mem-
brane, a second level of obstruction was visualized, which
might otherwise have been missed, even at surgical in-
spection (Table 4). Direct intracardiac inspection also allows
an experienced surgeon to distinguish double outlet right
ventricular connection from tetralogy of Fallot or to rec-
ognize the absence of the infundibular septum (Table 4).
We believe, however, that two-dimensional echocardiog-
raphy offers advantages in a clinic with a resident program,
particularly in complex congenital heart disease.
Causes of incomplete echocardiographic and angiocar-
diographic diagnosis. We carefully reviewed the preoper-
ative echocardiographic and angiocardiographic studies of
the 22 patients in whom intraoperative echocardiography
revealed new or additional morphologic information (Groups
I and 2). In seven patients, the incompleteness of the pre-
operative diagnosis was most likely the result of the unusual
and complex disease involved. In 15 patients, the additional
information could not be obtained preoperatively because
of inherent methodologic limitations and the quality of the
diagnostic data.
After repair: Group 3. A most important aspect of
intraoperative two-dimensional echocardiography is its use
immediately after cardiac repair, especially when the hemo-
dynamic status is unsatisfactory. Current hemodynamic
methods in the surgical theatre may be inadequate for quan-
tifying a residual intracardiac shunt (27). As suggested pre-
viously by Goldman and Mindich (2), intraoperative use of
two-dimensional contrast echocardiography may identify
significant residual shunting. Indeed, we found that flow
characteristics at and around sites of repair can be assessed
by means of contrast echocardiography. In the majority of
patients contrast echocardiography indicated an adequate
cardiac repair. A small amount of contrast medium passing
the intracardiac patch was often seen and considered to be
without surgical consequences. This probably results from
normal patch and interstitch permeability during the first 24
hours (28).
In two instances reoperation was considered necessary.
In one patient, dehiscence of a ventricular septal defect patch
was found, and in the other, an infant, a coexisting secun-
dum-type atrial septal defect after aortic commissurotomy
was demonstrated by contrast study; in both patients, sur-
gical correction was undertaken immediately. The major
advantage of contrast echocardiography is that it instanta-
neously reveals the underlying disorder. The patient with
dehiscence of the ventricular septal defect patch had a sat-
isfactory hemodynamic status. Because of the echocardio-
graphic contrast study subsequent oxygen saturation and
pressure measurements were performed. Both were indic-
ative of a shunt. In the infant with an unsuspected atrial
septal defect, however, cardiopulmonary bypass was rein-
stituted without delay because of the unstable hemody-
namics. It must be noted that the philosophy of our center
is not to perform oxygen saturation studies routinely. Fur-
thermore, we would recommend the use of contrast echo-
cardiography to discriminate between residual elevated right
ventricular pressure due to a residual ventricular shunt or
to partial relief of obstruction.
Analysis of ventricular function. Finally, intraoperative
echocardiographic analysis of ventricular function after car-
dioplegia and complex repair is a sensitive method. This
technique proved to be most sensitive in distinguishing be-
tween regional hypocontractility due to coronary perfusion
defects or to diffuse hypocontractil ity. Visual judgment of
left ventricular contractility is impossible while the electro-
cardiogram shortly after cardiopulmonary bypass most often
does not allow definitive conclusions. In a newborn who
underwent an arterial switch correction for total transposi-
tion, both the electrocardiogram and the left atrial and aortic
pressures were normal whereas intraoperative echocardi-
ography revealed marked global depression of the left ven-
tricle.
Conclusions. In our study, intraoperative two-dimen-
sional echocardiography was safe, accurate and easy to per-
form, and both the senior and the resident surgeons suc-
ceeded in obtaining the intraoperative echocardiographic
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images. The procedure did not prolong the surgical inter-
vention. Inappropriate incisions could be avoided and the
repair optimized. The results of surgical correction were
verified. Therefore, we conclude that when preoperative
studies leave some doubts or the intraoperative findings at
inspection are unexpected, intraoperative two-dimensional
echocardiography may add vital information for the surgical
care of patients with congenital heart disease.
We gratefully acknowledge the editorial help of Michael Cahalan and the
secretarial assistance of Corrie Eefting.
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